
o~dk- n d  
NASA TT F-8164 

SEARCH FOR ANTIMATTER I N  COSMIC RAYS AND I N  

COSMIC SPACE 

by N. L. G r i g o r o v ,  D. A. Z h u r a v l e v ,  M. A. K o n d r a t l y e v ,  
I. D. R a p o p o r t ,  and I. A. Savenko 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON February 1962 



DRAFT TRANSUTION 

F:EgJI 2 ,1962 
SEARCH FOR A N T m T T E R  I N  COSMIC RAYS 

AND I N  COSlviIC SPACE 

( Poiski  antivesbchestva v kosmichsskikh l u c h a b  i 

v kosrrAcheskorn prostranslve) 

Iskusstven~l;yg~e S p u t d k i  ZemPi ( ISZ ) 
A r t i f i c i a l  Earth S a t e l l i t e s  (AES ) 
v e  10, pp- 96-97, 
Izd-vo A, W. SSSR, Moskva, 1961. 

8 Cosinic ray  p a r t i c l e s  nliive"' i n  the  Galaxy some 10 years. 

During t h e i r  lflifetimefl they move along a path of the order of 1 0 ~ ~ 0 ~  

i , a .  p a r t i c l e s  reaching Lhe Earth may o r i g i n a k  from the mnost varioue,  

and a t  the  same time, most remote p a r t s  of the  Galaxy, It i s  not amlcd 

out, t h a t  some pa r t  of cosmic rad ia t ion  may be of metagalac.t;ie origin, 

This allows u s  t o  assume t h a t  Lhe study of primary cosmic rays ma;? pro- 

vide a spec i f i c  information about t h e  antimatter, a t  l e a s t  iri our 

Inasmuch a s  i n  t h e  processes of primary cosmic ray parGiclLesD 

in te rac t ion  with t he  matter  s ca t t e r  i n  the Galaxy, anlinueleons rnay 

be born, so t h e  antiproton detection in the  primary cosmic ray eox~tema% 

has  not ye t  oeen able t o  provide a u n i l a t e r a l  answer t o  t h e  nueslion 

of existence of ant imat ter  in cosmic rays. A t  t h e  same time, the reve-  

l a t i o n  of the  complex nucleus, mede of antinucleons would be a milale-  

r a l  demonstration of the  presence of antirr~atter  in the  Universe, 



From the  experimental viewpoint, the  antinucleus can reliably- 

be distinguished i n  pho.toeniulsion from t h e  usual nucleus o f i y  a u o w  

antinucleus k ine t i c  energies ( i n  cornparison with t h e  energy of .(;Ire r e s t  

mass). I n  t h a t  case, the  ~ r d u c t s  of nucleus annihi la t ion w i l l  be endawed 

with a n  aggregate energy suas t an t i a l l y  greater  than %he k ine t i c  energy 

of the prinary multi-charge pa r t i c l e  (ant inuclsus) ,  That i s  wny, i n  

order t o  achieve a r e l i ab l e  iden t i f  i c a t  ion of an t inuc le i  ir t .  t h e  p r i l~e ry  

cosmic radia t ion,  t h e i r  search must be carried out aliior,g multi-charge 

nuc le i  stoilping on the  emulsion. 

A t  t h e  same tinie, another d i s t i nc t i on  i n  t he  antinucleus oeha- 

v i o r  i n  comparison with nucle i  i s  being revealed, It i s  well lamdin, t h a t  

i n  the  nuclear photoemulsion, t he  wake of the  multi-charge p;?riSicle i s  

thinning near the point of p a r t i c l e  s stopping, This i s  ?x-plxined by 

e lect ron capturing by t he  pa r t i c l e ,  and by a decresse of  t he  effective 

charge of t he  p a r t i c l e  a s  i t s  ve loc i t y  decreases, The antinucj-eus must 

have a negative e l e c t r i c  charge. Thus, t h e  antinucleusVdeceleration 

jn Lhe matter  w i l l  not be attended by e lect ron capture and by a decrease 

of an%f i~uc l eus~  e f f ec t i ve  charge. Consecnrsntly, t he  eensi ty  oI t he  ioni-  

zation created by t he  antinucleus, w i l l  be growing through tile vzry 

stopping according t o  the  Breg curve. K t  t he  end of t h ~  waks oi the 

stopped antinucleus, an annihi la t ion "s ta ru  must be observed, with an 

i so t rop ic  p a r t i c l e  d i s t r i bu t i on  i n  the  lauoratopy syetern of coordinates ,  

An eriulsion p i l e  was placed by LIS on t h e  second cosrrire space- 

ship* It containzd 489 layers  of t h e  typo BR enulsion, w12ose dimensjon 

2 were 10 x 10 em and the  t i chess  - 400 mk. The plle was exposed bqionci, 



the  atmosphere a t  about 300 kn hzights, and i n  ths courze of some 

2$ io;rr.s, Upon re tu rn  t o  the ground and i t s  cberniczl processing, tke 

p i l e  was t he  object  of a thorough checking. This was ca r r ied  out k~itl"i 

t he  aid of MBI-2 microscopes with a 105 magnification. During .the 

examination, the  multi-charge nucle i  and " s t a r sn ,  created by the  multi-- 

charge nuclei ,  t h a t  s"i;pped i n  t h e  emulsion were f ixed.  aecause t he  

viewing was carr isd  out with a s n d l  magnification, t he  prkary 4%-parti- 

c l e s  were not practicalSy regis tered,  and only pa r t i c l e s  with 2 2 2 

were sor ted,  

k20 such stopped usual  nucle i  (with a - t l~in .~ing a?; LC- enci of 

3 the  wake) and 320 u s t a r s u  were found i n  a 656 em volume of en;asioa?,, 

Hot one of the "s ta r su  showed t o  posses pecu l i a r i t i e s  t h a t  a r e  e h a r ~ c t e -  

r i s t i c  of the  m ~ i h i l a t i o n  of a slop-,ad multi-charge parti-tie. 

If we assume tliat ant inucle i  have t he  same enerty spectrum as 

do the  usuzl  nuclei ,  t he  r a t i o  of the  stopped ant inucle i  t o  the - t ; u t a l  

number of the  stopped multi-charge pa r t i c l e s  would be eaual  t o  tile rcr;tA,io 

of an t inuc le i  t o  .I he t ~ t a l .  n.dti-charge cosniic p e r t i e l e  f l ux ,  Since f o r  
t o  f i nd  a/ 

Lb2 stoppings of ml t i -charge nuc le i  we fai led/-single stopped an%i-= 

~ u e l e u s ,  it follows from our data t h a t  ths r a t i o  s f  ant inucle i  wi-th 

Z > 2 in cosmie rays  does nod exceed 0,23 pezreent of the usual  nuclci  

with the  same charge. .A s imi la r  r e s u l t  was obtained. i n  reference Cb7, - 
Had the  antimai;ter been sca t te red  i n  t he  so l a r  system i n  the  

form of s e p a r ~ t e  atoms, the  estimate of t h e  upper boundam f o r  anti- 

matter" density might i n  t h a t  ease be obtained i n  the follo14ing manzer : 



During its motion around the Sun, and on account of its veloci ty  

of the order of 30 km *sac-', The Earth w i l l  *collectn all the antimatter 

found i n  i t s  path. Annihilating with the substance of the  atmosphere some- 

2 where a t  10 t o  103 km heights, this ankimatter sha l l  create an isotropi-  

ca l ly  dis t r ibuted annihilating radiation out of uZ O and n f - mesons, 

8 i .e.  from r -quan ta  and electrons with energies of the order of 10 eV 

in the long run. 

Let  &.-be the mean density of antimatter i n  the solar  system. 

A l l  antimatter, s i tuated in  column 30 krn long and 1 cm2 i n  cross section, 

falls on P surface of the  t e r r e s t r i a l  atmosphere of 1 cm? per second, 

i. e. there  occurs an annihilating Y - quantum radiation of in tens i ty  
- 1 

t , r -  .. - 
where E,. is the mean number ~fn~ntasons formed a t  antinucleus Iannihilation. 

Half of tha t  flux w i l l  flow toward the Earth. Thus the r- quantum flux 

with an energy of the  order of lo8 eV w i l l  be 

I 
- 1 

We may take as  the uppermost estimate of J (apparently much 

overrated) a f lux  t h a t  would create  a charged par t ic le  flux with an energy 

E > lo8 eV regis trable  a t  the  4' geomagnetic la t i tude  [PI, provided we 

consider tha t  all these par t ic les  are electrons. From t h a t  estimate, we 

sha l l  obtain 



If we consider that  the density of the matter i n  the solar 

system i s  

.we then have 
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